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Exploring Microbes
for Energy and Environment

A New Age of Discavery

The vast microblal world represents san untapped but valuable resource that ultisately

may provide effective ways to respond to DOE mission challonges in energy and the

envirorment. Thase innovative paths include generating claan anangy

sources (a.g., hydrogenl as well as dramatically improving anvirenmental
ramaediation and industrial procesaes

h The DOE Ganomics:GTL program
1 sombines high-throughput sdvanced
" e S technoiogies and computation with

intormation found in tha genomes of
microbes to establish the broad
knowledge foundation nesded for
direploping these axciting potential
aspplications.

Enviranmenial Genomice
Cpening a Mew Window into Microbial Diversity and Function

To use microbial capebilities, scientisis must lrst learn how microbes operate. This
undarstanding, however, has baan imited by an inability to grow the vast majority of
thess crganisnis in the lshoratory. bn & new turn, GTL and investigatars in ather
programs ari applying the tools of genomics 1o investigate entire microbial
communities In their natural snvironments,

These anviranmantal genomics studies isolate and analyze gename fragments directly
from the environment—be it o liter of water from the open ses or & soraping from a slick
fibm &t the bottom of & highly contaminated mine,

Enrly analyses have revesled o brosd spectrum of genomaes, geres, snd thus previcusly
undiscovered functions present in these regions. Eventually, these studies will result in s
multitude of new insights into the dynamics between these critieal ecosystom players
and their enviranments.
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DOEgenomes.org
Generating an Unprecedented
Understanding of Living Systems

GTL scientific goals tarpet the fundamental processes of living systams
on threa lavels:

© Malacular: Protelns and multicompanant moleculor machinas that perform mast of the cell’s work

¢« Cellutar: Gene regulatory networks and pathways that control cellular processes.

© Gomrmunity: Microbial communities inwhich groups of cells carmy out
complex processas in nafure.
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Four State of the Art Facilities to Accelerate Discovery

The DOE Offices of Biological and Envirenmental Large-Scate Faciities

Rasearch (BER! and Advanced Scientific Computing frcrease Prodoet{vity, Diecreass Cosuts
Research (DASCR] plan & se1 of fous research
facilities based on the Human Genome Project
paradigr of kigh- throvghput capabifities,
computational analyses, and frealy availahte data

-

Facility for Production and Characterzation of
Proteins and Molecular Tags

Facitity lor Charectesization and Imaging ol
Maolseuinr Machines

Fagility far Whale Proteome Anabysis

Faculity lor Analysis and Modaling of Cellutar
Systems and Microbial Community Dynamics
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Contacts

DHikce of Advanced Sclentific Computing Research Oiice ol Biological and Environmental Research
Gary Johnzon, gary johnson@sciance.doo. gov Marvin Frazier, marvin.frezier@science.doe.gov
31 /903-5800, Fax: 301/303-7774 301/903-5468, Fax: 301/003-8521
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DOE GENOMICS:GTL

Providing the Scientific Foundation for Industrial
Applications and Public Policy

Global mpact: Energy and Environment

¢ Expand anargy resourcas
¢ Emhanca anergy conservation

¢ Revohtisnize environmeantal
ramadiation

¢ Promote carbon mansgement

Takimg the Pulss of the Docean

Nanoscale ecogenomic sensors are being planned to monitor microblal populations and
their interactions with enviranmental processes, including thosa sffected by climate
change. The real-time spproach
enwvigioned by DOE for 1he Mathomasl
Oceanographic Partnership Program
marges informaticn from genome
rexearch programs with nano-
technologiss and smart sensors.

The knowledge gained will enhance
understanding of the genetic
diversity and lunctions of microbial
cammunities and nelp answer ey
questions about theds influence on
occean and tarrestrial
biogeoshemical oycles.

Microbial sentinels of ecosystem
changes mny lorewarn the
approach of such avents as & red
tide or increase in Plisterls species.

Synthetic Nonocatructures Offer Microbial Funetions

Loarning aboul the inner workings of microbes and their diverse reparteloe of malecular
machines can lead to discovery of ways toisolate and use these components to deveiop
e, wynthetic nanostrusiunes that carry out seme of the functions of living caeils.

In this ligura, the enzyms
organophosphorus hydrolase [OFH)
has been embedded in 2 synthetic
rapomambrans [mesoporous siifca|
that anhances s sctivity and stability,
The OPH transforms toxic substances
lpurphe molecule &1 left of OFH) 1o
harmiass byprodacts |yellow snd red
miplecules st right)

Applications such as this could enable development of aflicient eneyme-basied ways to
producs energy, remove or inactivate contaminants, and sequaster carbon 1o mitigate
global climate chamge. The knowledge galned from GTL research &lso could be Righly
wseful In food processing, pharmaceuticaly, separations, and the production of
industrial chemicals




